An unusual rotavirus strain with the G9P[23] genotype (RVA/Human-wt/THA/KKL-117/2014/G9P[23]) was identified in a stool specimen from a 10-month-old child hospitalized with severe diarrhoea. In this study, we sequenced and characterized the complete genome of strain KKL-117. On full-genomic analysis, strain KKL-117 was found to have the following genotype
Group A rotaviruses (RVAs) are the leading pathogens of diarrhoea in children and animals worldwide. In humans, RVA disease accounts for~215 000 deaths annually in children <5 years old [1] . Likewise, RVAs are the leading agents associated with diarrhoea affecting piglets within the first 8 weeks after birth [2] . The RVA virion encapsidates a genome of 11 dsRNA segments [3] . RVA has two outer capsid proteins, VP7 and VP4, which define the G and P genotypes, respectively. To date, at least 32 G and 47 P genotypes have been identified by the Rotavirus Classification Working Group (RCWG) (https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/rcwg). Among them, some specific G and P genotypes are commonly found in individual host species. Regarding human RVAs, G1P [8] , G2P [4] , G3P [8] , G4P [8] , G9P [8] and G12P [8] are considered as major genotypes [3] . In addition, several G genotypes (G5, G6, G8, G10, G11 and G20) and P genotypes (P [1] [2] [3] , P [5] , P [7] , P [9] [10] [11] , P [14] , P [19] and P [25] ) have been identified sporadically in humans [4, 5] . Many of these unusual genotypes are believed to have originated from animal RVAs introduced into humans through interspecies transmission, one of the major ways through which the genetic diversity of RVAs has been generated [6] [7] [8] [9] . Pigs are considered to be a major potential reservoir for emerging RVAs affecting humans [10] . P[23] is a relatively rare P genotype detected only in pigs so far in combination with G2, G3, G4, G5 or G9 genotype [11] . P [23] was first identified in a Venezuelan strain, RVA/ Pig-tc/VEN/A34/1985/G5P [23] [12] , in 1985, and subsequently in Brazil, Asia and Europe [11] . Among the collected stool samples for rotavirus surveillance in Thailand in 2014, we isolated a human G9P [23] strain, KKL-117, from a diarrhoeic child. To elucidate the origin and evolution of this strain, we analysed the whole genome.
Strain KKL-117 was detected as the sole pathogen causing diarrhoea in a stool sample from a 10-month-old child hospitalized with severe diarrhoea in the Kongkhailat (KKL) district of Sukhothai Province in September 2014 during the rotavirus surveillance programme in Thailand in 2012-2014, which involved a total of 666 RVA-positive stool samples [13] . The viral dsRNAs were extracted from stool suspensions using a QIAamp Viral RNA Mini kit (Qiagen). The extracted dsRNAs were subjected to Illumina MiSeq sequencing as described previously [5, 14] . Briefly, a 200 bp fragment library ligated with bar-coded adapters was constructed using a NEBNext Ultra RNA Library Prep kit for Illumina v1.2 (New England Biolabs) and NEBNext Multiplex Oligos for Illumina (New England Biolabs) according to the manufacturer's instructions. The cDNA library was purified using Agencourt AMPure XP magnetic beads (Beckman Coulter). After assessing the quality and quantity of the purified cDNA library, nucleotide sequencing was carried out on an Illumina MiSeq sequencer (Illumina) using a MiSeq Reagent kit v2 (Illumina) to generate 151 paired-end reads. Illumina MiSeq sequencing yielded 1.2Â10 6 reads (~146 bp average length). Data analysis was carried out using CLC Genomics Workbench v8.0.1 (CLC Bio). Contigs were assembled from the obtained sequence reads (trimmed) by de novo assembly. Using the assembled contigs as query sequences, the Basic Local Alignment Search Tool non-redundant nucleotide database was searched to determine which contig represents the fulllength nucleotide sequence of each gene segment of strain KKL-117. To further improve the contigs of strain KKL-117, the sequence reads of each segment were mapped back to the assembled contigs of this study strain. Complete or nearly complete nucleotide sequences of all the 11 genes of strain KKL-117 could be determined. The lengths of the nucleotide and deduced amino acid sequences of the 11 segments of strain KKL-117, with related sequence read data, are summarized in Table S1 (available in the online Supplementary Material). The nucleotide sequence data of strain KKL-117 have been deposited in the DDBJ and EMBL/GenBank data libraries. The accession numbers for the nucleotide sequences of the VP1-VP4, VP6, VP7 and NSP1-NSP5 genes of strain KKL-117 are LC190486-LC190496, respectively. The genotype of each of the 11 gene segments of strain KKL-117 was determined using the RotaC v2.0 automated genotyping tool (http://rotac.regatools.be/) [15] according to the guidelines proposed by the RCWG.
The 11 genes of strain KKL-117 were assigned as G9-P[23]-I5-R1-C1-M1-A8-N1-T1-E1-H1 (Table 1) . Strain KKL-117 was confirmed to have the G9 genotype on PCR-based genotyping [13] . Furthermore, the P genotype of strain KKL-117 was determined to be P [23] using the Illumina MiSeq sequencing approach, although the P genotype of strain KKL-117 could not be assigned by PCR-based genotyping [13] . Thus, strain KKL-117 was named RVA/Human-wt/ THA/KKL-117/2014/G9P [23] according to the guidelines for the uniformity of RVAs proposed by the RCWG. Comparison of the complete genotype constellation of strain KKL-117 with those of other P [23] and non-P [23] strains is shown in Table 1 . Strain KKL-117 exhibited a unique non-G/P genotype constellation (I5-R1-C1-M1-A8-N1-T1-E1-H1), which is commonly found in RVA strains from pigs [16] , although some porcine and porcine-like strains have been shown to have other VP6 (I1 instead of I5), NSP1 (A1 instead of A8) and NSP3 (T7 instead of T1) genotypes (Table 1) . Thus, the genotype constellation of strain KKL-117 is most closely related to those of porcine and porcine-like strains.
We further characterized strain KKL-117 by constructing phylogenetic trees using the full-length gene sequence for each of the 11 segments because phylogenetic analysis of RVA nucleotide sequences makes it possible to obtain direct evidence of their relatedness to those of other RVA strains, even within the same genotype [5, 17, 18] (Figs 1a-c and S1a-h). Multiple alignment of the segments was performed using ClustalW. Phylogenetic trees were constructed using the maximum-likelihood method and the Jukes-Cantor substitution model using MEGA6.06 [19] . The best substitution models for the 11 gene segments were selected based on the corrected Akaike information criterion value as implemented in MEGA6.06. The reliability of the branching order was estimated from 1000 bootstrap replicates.
The nucleotide sequence identities between strain KKL-117 and close strain(s) in each gene segment are indicated in Table 2 . Phylogenetically, the VP7 gene of strain KKL-117 was shown to be clustered near those of several porcine and porcine-like human strains from Thailand and India in the minor subcluster of the G9 lineage 3 (Fig. 1a) . The VP4 gene of strain KKL-117 was closely related to those of Brazilian porcine strains agro15c1 and agro16c1 (Fig. 1b) . The VP6 and NSP1 genes of strain KKL-117 were closely related to those of Thai porcine strain CMP45 in a common branch with several porcine and porcine-like human strains (Figs 1c and S1d). The VP1, NSP3 and NSP4 genes of strain KKL-117 were closely related to those of Thai porcine-like human strains Mc323 and/or Mc345 in a common branch with several porcine and porcine-like human strains (Fig. S1a, f, g ). The VP2, NSP2 and NSP5 genes of strain KKL-117 were clustered near those of several porcine and porcine-like human strains (Fig. S1b, e,  h ). The VP3 gene of strain KKL-117 was closely related to those of several porcine and porcine-like human strains from China (Fig. S1c) .
Overall, each of the 11 genes of strain KKL-117 was found to be closely related to porcine or porcine-like RVA genes. Thus, strain KKL-117 is likely of porcine origin.
In the present study, we analysed the whole genome of a human strain, KKL-117, with the G9P [23] genotype (RVA/ Human-wt/THA/KKL-117/2014/G9P [23] ) isolated from a child hospitalized with severe diarrhoea. Strain KKL-117 showed the following genotype constellation: G9-P[23]-I5-R1-C1-M1-A8-N1-T1-E1-H1. The non-G/P genotype constellation of this strain (I5-R1-C1-M1-A8-N1-T1-E1-H1) is commonly found in porcine RVA strains. The G9 genotype is also believed to have originated from pigs [10] . Furthermore, phylogenetic analysis revealed that each of the 11 genes of strain KKL-117 appeared to be of porcine origin. Therefore, strain KKL-117 was assumed to be an apparent example of porcine-to-human interspecies transmission of RVAs. Although G9 is a common G genotype in human RVAs, the VP7 gene of strain KKL-117 was most closely related to those of porcine and porcine-like human strains circulating in Thailand but only distantly related to those of typical human strains. Thus, it seemed improbable that strain KKL-117 was the result of a reassortment event between a human G9 strain and a porcine P [23] strain in a child, but more likely direct interspecies transmission from pigs to humans. In Thailand, a high prevalence of G9P [23] strains in pigs was found in an epidemiological study conducted in northern Thailand, in which G9P [23] strains were identified in 92.9 % (13 out of 14) of faecal samples from diarrhoeic cases in the years 2006-2008 [20] . Furthermore, the northern region of Thailand where strain KKL-117 was isolated is a predominantly rural livestock-producing area with a large number of pigs, there being close contact between humans and pigs. Thus, there is a possibility that the child from whom strain KKL-117 was isolated had been in contact with pigs. The fact that the G9P [23] genotype was detected in only one case in a total of 666 diarrhoeic children in the preceding study [13] may suggest that the G9P [23] strain, a possible progenitor of strain KKL-117, was not adapted to spread efficiently among humans. However, information on additional zoonotic G9P [23] strains is required to ascertain the ability of such strains to spread in humans.
Our findings add to the increasing evidence supporting animal-to-human interspecies transmission. The porcine origin of strain KKL-117 suggests interspecies transmission due to the close proximity between humans and livestock, especially in developing countries in Asia where there is intimate contact between humans and livestock such as pigs. Because it has not been determined whether or not two current RVA vaccines (Rotarix and RotaTeq) are effective for prevention against G9P [23] strains, continuing RVA surveillance of this G/P genotype in humans is required. Simultaneous monitoring of RVA strains in humans and animals is also essential for a better understanding of RVA ecology. 
Conflicts of interest
The authors declare that there are no conflicts of interest.
